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INTRODUCTION 
Vegetables constitute a large and varied group of considerable 
importance in the world's commerce. They are rich source of vitamins 
and mineral salts and contain large quantities of calcium, iron and 
phosphorous. 
Vegetables hold a high potential for combating the food shortage 
as their yield per unit area is more than five times of any cereal crop. 
Leafy vegetables are generally considered inferior to other 
vegetables but are equally palatable and deserve more attention. They 
must be included in every meal in one form or other. Besides having 
high food value they are easy to grow and provide a good yield. Leaves 
and tender shoots of several vegetables are utilized all. over the world 
as a green vegetable. 
Amaranthus is one of them. Several species of this genus are 
consumed all over the country as a green vegetable. Besides several 
species are reported to have medicinal properties. 
The name Amaranthus is derived from Latin amarantus i.e. 
influenced by anthus, flower and from Greek amarantos meaning 
unfading. It belongs to family Amaranthaceae. 
Amaranthus is an annual coarse herb distributed in the temperate 
and tropical regions of the world. About 20 species are found wild or 
cultivated throughout India. 
Among them few are used as pot herbs, some yield edible grains 
and others are grown for their brightly coloured spikes and variegated 
foliage. 
The leafy Amaranthus are tall, soft wooded annuals grown for 
their green leaves and succulent stems. Two important leafy AmarSihus 
are: 
1. A. lividus - commonly known as Choti chaulai and 
2. A. tricolor- commonly known as badi chaulai 
A. lividus is an erect annual herb found as a common weed 
throughout India. Its tender leaves and shoots are boiled and used in 
curries. The herb is cooling, emollient and slightly astringent, useful in 
biliousness and haemorrhagic dianthesis. it is used as a tonic. It is a 
good remedy for round worm. 
A.tricolor L. Syn. A gangeticus is also an erect annual probably of 
Indian origin. The plant is eaten as a less expensive cooling spring 
vegetable. The leaves are used for intestinal and urinary discharges. 
The plant is used in cough and bronchitis. It is considered a blood 
purifier and is used as a diuretic in the form of decoction with some 
other medicines. 
Leaves of Amaranthus caudatus are rich in vitamin C, A and iron, 
while A. spinosus which is found growng as weed extensively in fields 
also possess too many medicinal properties. 
Amaranthus paniculatus also possess medicinal properties and is 
an important source of food for the hill tribes of India. 
Several species of Amaranthus are found in the Indo-Gangetic 
plain among which A. gracilis or A.viridis is the most common, mainly 
found in waste places. 
Leaves of A.gracilis are used as a pot herb and also for other 
culinary preparations. It is utilized specially as a vegetable in Uttar 
Pradesh, Punjab and Haryana. 
Amaranthus gracilis was found growing at Aligarh practically 
throughout the year. The plants were found to be infected with a mosaic 
disease caused by a virus. Distinct mottling in young and old leaves and 
irregular chlorotic patches alternating with dark green areas over the 
entire lamina, leaf curling were some of the prominent symptoms found 
generally. 
REVIEW OF LITERATURE 
Several viruses have been reported to infect different species of 
Amaranthus. Amaranthus retroflexus has been reported as host of 
cucurbit mosaic virus (Dolittle and Walker, 1923, 1925) bean mosaic 
virus (Zaumeyer and Kearns 1936) beet yellow virus (Roland 1939, 
Goryshia 1959) a virus causing disease in banana (Silberchmidt and 
Nobrega 1941) sugar beet mosaic virus (Pod 1948) hydrangea ring spot 
virus (Brierly and Lorentz 1957) Iris ring spot virus (Traris, 1957) and 
barley stripe mosaic (Singh et al, 1960). 
A. retroflexus was reported to be a carrier of Colorado red rode 
virus of bean (Thomas, 1950). It was reported to be a local lesion host 
of potato virus F (Bayrall, 1960) and an aberrant strain of potato latent 
ring spot virus (Larsen, 1944). 
A. caudatus was found to be a host of beet mosaic virus (Smrz 
1966, 1971). Local lesion were incited by a virus causing disease in, 
sugar beet in Rumania (Pop, 1959) and Iris mosaic virus (Brunt and 
Morgeret, 1966). A tricolor vjas found susceptible to red current ring 
spot virus (Klesser. 1951) and Amorphophaluis mosaic Virus (Capoor et 
al, 1969) Local lesion were incited in A., tricolor var. splendens by 
tobacco ring spot virus (Tinte John, 1960) and in A. tricolor and A. 
caudatus by cabbage black ring spot virus (Mclean and Cowin 1952) 
A. blitum, A. edulis and A. leucocaronus were found to be local 
lesion hosts of potato virus X (Nagaich and Upreti, 1965) Beet-yellow 
virus was reported to infect A. retroflexus and A. defloxus (Canor 1955) 
A. gangeticus and A. retroflexus (Berck and Zimmer 1956) A. 
retroflexus and A. tricolor vjere reported to be hosts of tomato black ring 
spot virus (Samson and Imie 1942) 
A albus, A. monstropus, A. panlculatus and A. aureus were 
reported to be hosts of beet mosaic virus (Khistera, 1950). Potato leaf 
roll was successfully transmitted by Myzus persicae to A. caudatus, A. 
gracazaus and A. retroflexus (Natti et al 1953) 
Hollings (1959) found that some type of localized reaction was 
evoked on A. caudatus by 28 viruses and out of these 6 viruses viz, 
beet ring spot, celery yellow vein. Prince's yellow strain of cucumber 
mosaic, lucerne mosaic, Cambridge isolate of tobacco ring spot and one 
strain of tomato aspermy virus became systemic in the host whereas 
beet yellows, carnation mottle and tobacco mosaic viruses caused 
symptomless infection. 
Phatak (1965) described a severe mosaic disease of A. blitum 
and A. viridis. The disease was sap transmissible and caused distinct 
mosaic mottle In young and old leaves, severe yellowing of veins, large 
irregular chlorotic patches alternating with dark green areas over the 
entire lamina. The virus was transmitted by sap inoculation to 
A. cruentus, A. blitum, A. gangeticus, A. leucocaronus and A. 
mangostanus. 
(Govindswamy et al, 1967) described a mosaic disease of 
Amaranthus from Coimbatore. The virus causing the disease infects 
Gomphirina glob6sa,Nicotiana tabacum and N. glutinosa in addition to 
Amaranthus species and was not transmitted by Aphis craccivora, A. 
gossypii, and Myzus persicae. 
Ramakrishnan {etal, 1971) described a new mosaic disease of/A. 
gangeticus. The virus caused plant stunting leaf crinkling, and mosaic 
mottling and was transmitted by sap and by Aphis gossypii, Nicotiana 
glutinosa. Petunia hybrid, Gomphirina globose, Celosia cristate and 
Achyranthus aspera were infected. They reported thermal inactivation 
point as eO-SS^C, dilution end point as 1:10*^ - 1:100"^  and longevity in 
vitro of 72 hours. 
(Singh et al 1972) described pigweed mosaic virus which caused 
a severe disease of A. viridis around Delhi. The symptoms were 
describing to start as mild chlorotic interveinal patches gradually 
increased along the veins and finally developing mosaic of dark green 
and chlorotic areas. Only species in the genus Amaranthus were 
infected. The virus was transmitted non-persistently by Aphis 
craccivora, A. gossypii and l\/fyzus persicae. The virus was inactivated 
by 10 min. exposure at SCC, with stood dilution of 1:100 and remained 
active for 9 days at room temperature (15-32''C). The virus has flexuous 
long particles 700 to 125 nm long and 14nm wide 
(Chovirfia, et al 1986) compared the efficacy of different buffers on 
the infectivity of some plant, viruses. The highest percentage of 
infection with AMV, bell pepper dwarf mosaic virus, bean mosaic virus 
on their respective hosts was obtained with phosphate buffer followed 
by distilled water. 
Taiwo, (1991) studied a virus disease oi Amaranthus hybridus L. 
in Nigertia. A sap transmissible virus isolated from naturally infected A. 
hybridus plants induced mosaic or mottling, green vein banding, and 
leaf malformation of inoculated Amaranthus, plants. Other hosts used 
N. benthamiana and C. amaranticolor. The virus had a dilution end point 
of between 10^ ^ and 10•^ TIP-60-65°C and LIV of 6-7 day at 28-30°C. 
EM of 750-760 x 12 nm indicating the virus probably belongs to 
pdfyvirus group. 
MATERIALS AND METHODS 
Cultivation of Plants : 
The plants were grown in clay pots of 4" and 6" diameter, in a 
mixture of sand, soil and compost in the ratio of 1:2:1. The mixture was 
sterlized by autoclaving at 20ib pressure for 1 hour and was used 24 
hour after sterlization. Pots were sterlized by rinsing with 5 percent 
solution of formalin. 
The seedlings were raised in shallow pots and were transplanted 
singly in clay pots at 2-3 leaf stage, when they were about 2 weeks old. 
Plants belonging to family Cucurbitaceae and Leguminosae were raised 
by direct sowing. 
All the plants raised were kept in an insect proof glass house. 
Virus Culture: 
The isolate obtained from infected Amaranthus plant growing on 
the road side near Sir Syed Hall, Aligarh were used. The plant exhibited 
mosaic and light yellowing of leaves. Single lesion culture was used and 
the virus isolate was maintained on A. gracilis by mechanical sap 
inoculation. Periodic checks to ensure identity was made on C. 
amaranticolor and other appropriate hosts. Standard extract was used 
as inoculum for maintaining the culture. 
Preparation of inoculum : 
The sap from the desired plant was obtained by macerating 
young leaves in a mortar with pestle in 0.1 M phosphate buffer pH 7.0. 
For each g of leaf material, 2 ml of the buffer was used. The macerate 
was filtered through two layers of cheese cloth. Two or three lower most 
leaves were inoculated by gently applying the sap with the help of the 
forefinger on the upper surface of the leaves pre-dusted uniformly with 
carborundum 500 mesh. The leaves were raised by a gentle stream of 
water, soon after inoculation. 
Transmission : 
Mechanical: 
The fully expanded leaves of the plant to be induj^ ated will be 
dusted uniformly with carborundum 500 mesh as an abrasive and the 
standard inoculum will be applied gently but firmly on the upper surface 
of leaves with the help of forefinger by keeping the other hand beneath 
the leaf to be inoculated. The inoculated leaves will be rinsed with 
gentle stream of water before the inoculum on the surface of leaves 
dries up. If the rate of transmission is not promising. Some chemical will 
be mixed with the inoculum so as to enhance the rate of transmission. 
Additive in the inoculum will include sodium sulfite, 2-mercapto-ethanol, 
ethylene diamine-tetra-acetic acid, sodium diethyl-dlthiocarbomate and 
thio-glycollic acid either alone or in various possible combinations if 
needed. 
Biological : Attempts will be made to find out the vectors of viruses in 
the field transmission by insects, soil, dodder (Cuscuta spp.). seeds, 
graft, nematode/s and pollen will be studied. 
Insect transmission : 
Transmission by aphids : 
Adults aphids found transmitting the disease during preliminary 
investigations will be used to study virus vector relationship (non-
persistent, semi-persistent or persistent). 
Raising of virus free aphids : 
Viviparous adults will be starved for 2,4,6 and 8h at room 
temperature in a petridish and then placed upon a detached leaf of an 
appropriate healthy host in a petridish. The atmosphere inside the 
petridish will be made humid by covering the inner surface of the 
petridish with wet filter paper. Newly borne nymphs will be transferred 
to a fresh and healthy test plant. The aphid colonies thus developed will 
be used as healthy colonies of the virus free aphids. The aphids from 
one plant to other will be transferred with the help of moistened fip of 
camel's hair brush type A. No.1. Colonies of virus free aphids will be 
raised on suitable host plant in cages having wooden frames. The top 
and two sides of the cage will be closed by glass and the remaining 
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sides will be closed by wire gauze. A flourescent tube will be fixed in the 
cage to keep the aphids under long day conditions to get the apterous 
(wingless) aphids. The plants will be kept on a zinc-tray and the bottom 
of the tray will be covered with a layer of moist sand to prevent the 
passing of the aphids through chinks between the tray and the rim of 
the cage. 
Mode of transmission : 
To established the mode of transmission following procedure will 
be adopted: 
Non-persistent: 
Pre-acquisition starvation period - 1 to 2h. 
Acquisition access period - 2 to 5 min. 
Inoculation access period -- 24h. 
Number of aphids / plant - 10. 
The nymphs will be starved for 1 to 2h in a petridish having the 
inner surface covered with a wet p#iece of filter paper before an 
acquisition access period of 2 to 5 min. on the leaf of the diseased 
plant. After allowing acquisition feeding time, the nymphs in batches of 
10 will be transferred to each healthy seeding and the plants will be 
covered with Leztz cages for an inoculation access period of 24h., the 
nymphs after the end of inoculation access will be killed by spraying 
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with 0.01 per-cent cypermethrine (insecticide) and the plants will be 
kept in an insect proof glasshouse for the development of symptoms. 
Back inoculations for each plant will be made to an appropriate local 
lesion host, i.e., Chenopodium amaranticolor. 
Persistent 
Acquisition access period - 24h. 
Inoculation access period - 48h. 
Number of Aphids / plant - 10. 
The virus free aphids, without subjecting them to starvation will be 
allowed 24h acquisition feeding time on diseased leaves. After the 
completion of acquisition feeding, 10 aphids will be transferred to each 
test plant where they will be given an inoculation feeding period. Aphids 
will be killed spraying an insecticide (cypermethrine 0.02% solution). 
The test plants will be kept in an insect proof glass house to observe the 
development of symptoms. Back inoculations from the plants on which 
aphids will be given inoculation feedings will be made on a local lesion 
host, i.e. C. amaranticolor 
Transmission by white-flies : 
Source of virus free white-flies : 
White flies (Bemisia tabaci Genn) collected from field will be 
caged on a healthy plant of N. glutinosa for egg laying. After 10 days 
the adults will be removed from the cage. New born whitefly adults 
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developing after 7-8 days allowed further multiplication. Insect colonies 
so raised will be virus free and used for transmission studies. 
Handling of white-flies: 
The method described by Rathi and Nene (1974) will be used for 
handling of white flies. 
Transmission : 
Non-viruliferous white flies will be allowed acquisition and 
inoculation access period of 24h each on diseased and healthy plants 
respectively. Cypermethrine (0.02%) will be sprayed to kill the white flies 
after inoculation. The test plants will be kept for observation of 
symptoms. 
Grafts : 
Attempts will be made for side wedge grafting. Infected scions will 
be grafted on healthy stock and will be kept under appropriate light and 
humidity condition to allow successful union which is necessary for 
transmission. 
Dodder: 
Seeds of dodder (Cuscuta reflexa Roxb. And C. chinensis Lam) 
will be germinated on moist filter paper placed in petri-dish and then 
transfen-ed in 4" clay pots, sterlized with formaline (4%) and containing 
sterilized soil mixture. When the dodder plants will be about 6" long, they 
will be trained on a suitable host plant susceptible to the virus and the 
host plants (on which the dodder was trained) will be inoculated after 
one week. When the dodder will be established on inoculated plant, a 
healthy test plant in another pot will be placed near the pot (having 
inoculated plant with dodder established on it) and the tips of the 
branches of dodder will be detached, placed in the axil of the healthy 
test plant and allowed to establish there. The plants will be left as such 
for about 2 months to develop the symptoms. Back inoculations will be 
made on C. amaranticolor to confirm the presence of virus. 
Virus-vector relationships : 
In order to determine the relationship between the virus and the 
vector, the method would depend on the type of the vector group 
involved in transmission. However, in general the variabilities including 
number of insect per plant, different pre-acquisition starvation periods 
varying acquisition and inoculation access periods will be worked out 
along with effect of moulting of insect on various retention and latent 
periods in the vector. 
Virus concentration in different parts of the hosts : 
To determine the virus concentration in different parts of the host 
plant 10-15 days earlier inoculated plants will be uprooted carefully and 
washed. The plants will be blotter dried.Root, stem and leaf tissue will 
14 
be cut separately into pieces. Equal amount of root, stem and leaf 
tissue will be macerated separately in mortar and pestle using a suitable 
buffer. Sap obtained from each sample will be inoculated separately on 
a local lesion host using usual method of inoculation. 
Selection of suitable propagation host and an assay host: 
To find out a suitable propagation host several plants, susceptible 
to the virus will be inoculated and showing most prominent symptom will 
be selected. A plant exhibiting following characters will be selected, 
i) Rapid seed germination and fast growth, 
ii) Short incubation period of the virus 
iii) Peak concentration of the virus within the short period after 
inoculation, 
iv) Absence of virus inhibitors, 
v) More yield of infected tissue with good virus concentration 
Assay of virus will be carried on a local lesion host. To search out 
a lesion several commonly used plants will be tested. However, in case 
of non-availability of a local lesion host, assay tests of the virus will be 
carried out on a systemic host. 
Host range studies: 
Several species of plants belonging to different families were 
screened for the susceptibility to the virus. The sap obtained by 
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macerating young diseased leaves in a mortar with pestle in 0.1 M 
phosphate buffer of pH 7.0 was used to inoculate the plants. At least 
three plants of each cultivar were inoculated and the same number left 
as control. Plants at 2-3 leaf stage were used and the fully expanded 
leaves were manually inoculated using carborundum 500 mesh as an 
abrasive. The leaves were rinsed by a gentle stream of water, soon 
after inoculation. The plants were kept in an insect proof glass house 
and were observed daily for the development of symptoms. 
Effect of pH: 
Infected tissue from A. gracilis inoculated 8 days earlier was 
harvested and homogenized after addition of 4ml of distilled water for 
each gram of infected tissue. Sap expressed by squeezing was divided 
into 6 equal parts and placed in beakers pH adjusted to 5.0, 6.0 by 
adding 0.1 M acetic acid and 7.0, 8.0, 9.0 by the addition of 0.1 M 
phosphate buffer pH 9.5. After incubation of 1 hr aliquots| were taken 
from each sample and inoculated on the leaves of C.amaranticolor. 
Effect of different buffers on the infectivity : 
Different buffers viz, 0.1 M acetate, 0.1 M borate, 0.1 M citrate, 
0.1M glycine NaOH and 0.1M phosphate buffer at pH 6.5 - 7.0 were 
used to find out the most suitable one in which the virus infectivity was 
retained maximum. Young infected leaves were macerated in a mortar 
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with pestle using a buffer (any of tiie above mentioned) as extraction 
medium. The sap obtained after Alteration through double layered 
cheese cloth was inoculated on the leaves of local lesion host following 
the usHfal method of inoculation. 
Biophysical properties: 
To determine the dilution end point, thermal inactivation point and 
longivity in vitro, methods described 1^ Noordam (1973) were 
employed. 
Dilution end-point (DEP) : 
By adding suitable buffer, ten fold dilutions (10'\ 10'^ 10'^  
10"®, 10-®) were made of the sap obtained from infected leaves of 
the propagation host after homogenizing them in a mortar with pestle. 
Each samples was inoculated on the leaves of the local lesion host 
following the usual method of sap inoculation. In this way the dilution at 
which virus loses its infectivity was determined. 
Longivity in vitro (LIV) : 
In sap : The infected leaves of the propagation host was homogenised 
in a mortar with pestle, using phosphate buffer pH 7.0 and the 
homogenate was filtered through two layers of cheese cloth and the sap 
thus obtained was kept at room temperature (25±5°C). After every 8h 
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interval a small amount of the sap was taken and inoculated on the 
leaves of local lesion host. 
Thermal inactivation point (TIP): 
The sap obtained by the same method as mentioned above was 
divided into 12 aliquots of 5ml. Bach and kept in glass vials. The glass 
vials were held In a water bath in such a way that the sap level in the 
vial was below the water in the bath. The different aliquots were heated 
at 40, 45, 50, 85, 90°C, for ten minutes and cooled under running 
tap water, immediately after heating. Each heated aliquot were 
inoculated on the leaves of a local lesion host. One aliquot left at room 
temperature was also inoculated which served as control. 
Purification : 
After selecting a suitable buffer, a propagation host(s), an assay 
host(s) and biophysical properties, attempts will be made to purify the 
virus under consideration. 
Clarification of sap : 
The infected leaves of the propagation host will be macerated by usual 
and suitable method and the macerate will be passed through a double 
layered cheese cloth. The sap thus obtained will be given a low speed 
centrifugatlon at 5.000g for 10 minutes. The supernatant (sap) will be 
subjected to various clarification procedures. 
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Celite and charcoal : Celite and activated charcoal will be mixed with 
sap at the rate of 5g per 100ml., either separately or in combination. 
When both are to be used 5g of activated charcoal will be mixed with 
10Gml of sap and after 30 sec. Stirring 5g of celite will be added. 
Shaking will be continued for another half minute. The absorbent will be 
removed by the following methods. 
i) Centrifugation at 2,000 rpm for 5 minutes 
ii) Filteration through Buchner funnel supported by a 2-3mm thick 
celite pad and filter paper (Whatman No.1) or 
iii) Filteration through a filter paper (Whatman No.1) only in a 
Buchner funnel. 
Organic solvent : Organic solvents (butnaol, ethyalconol, chloroform, 
carbon tetrachloride and di-ethylether) either separately or in 
combination such as (chloroform-butanol) will be used in two ways for 
the removal of the extraneous plant material from the infected tissue, 
a) By macerating the infected tissue by using a mixture of suitable 
buffer and organic solvents, or (b) by adding requisite amount of solvent 
in crude sap obtained after macerating the infected tissue in buffer and 
filtering through two layers of cheese cloth. 
The mixture will be incubated for 30 minutes and then centrifuged 
at S.OOOg for 15 minutes. The aqueous layer will be separated. The 
19 
effect of solvent on the virus infectivity will be tested by assaying the 
aquSus layer for active virus content on a local lesion host. 
Calcium phosphate gel : The gel will be prepared by mixing 0.1 M 
sodium di-basic hydrogen phosphate (Na2HP04.2H20) and 0.1 M 
calcium chloride (CaCI) in equal volume. The mixture after 
continuous stirring for 15 minutes will be allowed to settle. Then the 
supernatant will be decanted. To the remaining precipitate double 
distilled water will be added and the re-suspended precipitate will 
again be allowed to settle down. In this way precipitate (gel) will be 
washed 15-20 times to assure the removal of chloride ions (CI'). 
Ultimately it will be equilibrated with phosphate buffer (0.01 M pH-
7.0). Such freshly prepared gel will be mixed with sap obtained after 
low speed (5,000g for 10 minutes) centrlfugatlon of the crude sap, 
stirred vigorously and centrifuged for 5 minutes at 5000g. The clear 
supernatant will be assayed for virus activity on local lesion host. 
Silver nitrate : Different volumes of 1 per-cent silver nitrate solution will 
be added drop by drop to the standard inoculum (1/5) and stirred 
simultaneously. The mixture will be left at room temperature for 30 
minutes and thereafter, centrifuged at 5000g for 15 minutes. The 
supernatant thus obtained will be bio-assayed on local lesion host for 
virus infectivity. 
Out of clarification methods described above, one will be 
standardized and used a clarification method in the purification of the 
virus being studied. 
Concentration of virus : 
The sap obtained after clarification treatment as described above 
will be used for concentration of virus by any of the foliov^ i^ng methods. 
Differential centrifugation : The ultra centrifugation will be worked out 
in model L7-80. Backman preparative ultracentrifuge using rotor type 
50. Normally high speed centrifugation will be done at SO.OOOg unless 
othenA/ise state. The pellet, thus obtained will be dissolved in a suitable 
buffer. Low speed centrifugation will be performed at lO.OOOg in a Remi 
T-24 centrifuge or any other same type of centrifuge. The number of 
cycles and the time of centrifugation at different rpm will be carried out 
keeping in view the stability of the virus and its sedimentation. Activity of 
different samples in supernatant and the pellet will be assayed on local 
lesion host. 
Further purification by density gradient centrifugation : 
Concentrated virus samples obtained by the methods described 
above will be subjected to further purification using density gradient 
centrifugation (Brakke, 1951, 1960). 
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Linear sucrose gradient columns will be prepared by layering 
7,7,7 and 4ml of 0.01 phosphate buffer 9pH 7.0) having 400, 300, 200 
and 100 mg sucrose per ml, respectively in a 1x3' tube. The sucrose 
solutions of different concentrations will be layered using a pipette with 
a broad orifice. 
The heaviest solution will be layered 1"* and the solutions of 
decreasing concentration will be layered on the top of each other. The 
column will be used after standing for 24h in a refrigerator usually 2ml. 
Of the virus preparation will be floated on the top of the column and the 
column will be centrifuged immediately after floating the virus 
preparation to avoid droplet sedimentation. The column will be 
centrifuged in SW-25.1 rotor in L7-80 preparative ultracentrifuge. The 
acceleration upto a few hundred rpm will be made gradually. The tubes 
will be centrifuged for 2 !^ -4 hours. After centrifugation the tubes will be 
examined in a dark room by projecting a beam of light down the tube 
from the top. The virus zone scattering the light will be removed from 
the tube by 20 guaze 10 cm long needle bent twice at right angles and 
attached to a hypodermic syringe. 
UV-Spectrophotometry: 
The virus preparation will be examined in Beckmann DU-2 model 
ultraviolet absorption spectrophotometer to evaluate the different 
methods of purification and to ascertain the purity of virus isolated. 
Ultraviolet radiations are absorbed in a characteristic manner by 
ttie virus (nucleo-protein) containing solutions. Absorbance of samples 
will be studied in UV-range (230-320nm) and graphs will be plotted. 
Values at A max/min A28(y26o and A260/280 will be calculated to know the 
approximate per-centage of nucleic acid. 
Electron microscopy: 
Shape andt size of virus particles will be studied in electron 
microscope. 
Leaf drp method : Method described by Brandes (1964) will be 
followed for leaf dip preparations. One drop each of 2% potassium 
phosphotungstic acid (PTA) and uranyl acetate will be placed 
separately on several formvar coated copper grids having carbon 
backing. The freshly cut ends of infected leaves will be dipped in the 
drop for 2-4 seconds. Such grids will be allowed to dry for sometimes 
and thereafter examined under electron microscope at various 
magnifications. 
Procedure with purified virus preparation : A small droplet of purified 
virus preparation will be placed on formvar coated copper grids having 
carbon backing, then a small drop of suitable stain (either PTA or uranyl 
acetate) will be added to the virus suspension. The excess fluid will be 
absorbed with a small piece of filter paper leaving a very thin film of fluid 
on the grids, which will be dried at room temperature. Such grids will be 
examined under electron microscope. 
Serology : 
Specific antigen and antibody reaction is one of the useful 
techniques either for assigning the virus to a particular group or to 
differentiate It at the strain level. Antisera to the virus under 
consideration will be prepared for the identification of the vims as well 
as for testing the latent infection in certain hosts. Besides, it would also 
be useful for ascertaining the seed transmissible nature of the virus 
through routine serological methods or by enzyme linked immuno-
sorbent assay (ELISA) 
Raising of antisera : Young healthy rabbits, approximately 3lbs in 
weight will be used for production of antisera. The purified or partially 
purified virus preparation will be used as antigen. 
To work-out the effect of injection on the formation of antibodies 
as well as titre of the antiserum, antigen (virus preparation) will be 
injected intravenously or intramuscularly or in both ways. 
The antigens will be administered intravenously through the 
marginal ear vein of the rabbit using a clinical syringe with a fine needle. 
Five to seven weekly injections of virus preparation of 2ml. each with be 
24 
administered Intravenously through the marginal vein of the ear. For 
intramuscular injections, antigens will be emulsified with an equal 
volume of Freund's incomplete adjuvant. The injections of the virus 
adjuvant mixture of 3ml. each at an interval of 2 weeks will be 
administered intramuscularly in thigh of the same rabbit which has been 
given intravenous injections at antigens. 
Test bleedings will be made several times from the ear of the 
rabbit at different intervals after the administration of last intramuscular 
injection to check the antibody titre in serum. After the titre has reached 
its maximum, the immunized rabbits will be finally bled by giving a sharp 
incision on the marginal vein of the ear, which has not been used for 
injecting the antigen. About 10-15 ml of the blood will be collected and 
allowed to clot at room temperature (25±5**C) for 2 hours and kept 
overnight In a refrigerator. Serum containing antibodies (antiserum) will 
there after be separated and centrifuged at 1,000 rpm for 5 minutes to 
remove fibron,-blood cells etc. The straw yellow coloured antiserum will 
be collected and stored for serological studies. 
To identify the virus under investigation upto group or strain level, 
the Ouchterlony's double diffusion test (Ouchterlony, 1962) will be 
performed 
Ouchterlony double-diffusion test: One per-cent agar will be 
prepared in 0.85% saline containing 0.1-0.2% sodium azide. Suitable 
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amount of agar will be poured into sterilized petri dishes so as to get a 
2-3mm thick agar bed. Using a corl< borer, 5mm, diameter well will be 
made into the agar and the cut portions of agar will be removed by 
aspiration. The distance between two wells will be kept 5mm. apart. The 
central well will be filled with antiserum. The remaining wells will be 
loaded with various dilutions of antigens made in physiological saline 
(0.85% NaCI solution) and the clarified sap from healthy plant. Such 
treated petri-dishes will be incubated at room temperature and observed 
for formation of precipitation lines. 
Percipitation in tubes: Equal proportions of antisera and antigen after 
making 2 fold dilutions in 0.85% saline will be mixed together in 
serological tubes (6x1 cm) and incubated at 37*'C in a water bath. The 
formation of precipitate and its intensity will be observed using a 
magnifying lens. 
Isolation of nucleic acid : 
Phenol detergent method will be used to isolate the nucleic acid 
of viruses. To a 2.5ml of purified virus preparation will be added 0.05ml 
of 6% sodium dodecyl sulphate and 2.5ml of water saturated phenol. 
The phenol used will be redistilled and stored at 10°C after adding 
distilled water. The mixture will be stirred in a glass tube on a magnetic 
stirrer for 10 minutes and then centrifuged for 5 minutes at 3,000 rpm in' 
a clinical centrifuge. The mixture will be separated into two layers, the 
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upper aqueous layer and the lower phenol layer cx>ntaining sodium 
dodecyl sulphate. The top aqueous layer will be drawn with a pipette. 
To the lower phase 2.5ml of 0.01 M phosphate buffer (pH 7.0) will be 
added and stirred for 10 minutes and then centrifuged for 5 minutes at 
3,000rpm. The aqueous phase will be drawn off and pooled together 
with the aqueous phase obtained at previous step and stirred for 10 
minutes with an equal volume of phenol followed by centrifugation. The 
aqueous phase will be extracted once more with half the volume of 
phenol. Traces of phenol will be removed from the aqueous phase by 
extraction with other. The nucleic acid will be precipitated by the 
addition of 2ml. of ice-cold ethanol to the solution. The precipitate will be 
pelleted out by centrifugation for 15 minutes at 7,500 rpm. The pellet will 
be suspended in 0.01 M phosphate buffer (pH 7.0) and centrifuged for 
15 minutes at 10,000 rpm to remove any insoluble material present in 
the precipitation, and the supernatant thus obtained will be tested for 
infectivity and type (RNA or DNA) of the nucleic acid. 
Infectivity of viral nucleic acid : The invectivity of viral nucleic acid will 
be assessed by inoculating the nucleic acid preparation will be made 
and inoculated on the local lesion host and the number of local lesions 
developed will be compared with the corresponding dilutions of the virus 
preparation. 
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Type of nucleic acid : It is well known that RNA and DNA differ in their 
chemical composition with respect to the base and sugar involved in 
their composition. RNAs are known to contain ribose sugar and uracil 
base (other three bases being adenine, cytosine and guanine) while 
DMAs contain thymine (other three bases are same as in case of RNA) 
and deoxyribose sugar. 
Thus, test will be performed to study the type of sugar 
Diphenylamine test for deoxyribose or orcinal test for ribose sugar will 
be used for ascertaining the type of nucleic acid in virus under 
investigation. 
Studies on proteins of the virions : 
Attempts will be made, while using standard methods to 
determine the approximate molecular weight of proteins associated with 
the virions. 
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RESULTS 
Natural Symptoms: 
Naturally infected plants of Amaranthus showed vein clearing 
followed by dark and light green mosaic, like patches were very 
prominent. At advanced stage of infection, reduction in leaf size with 
retarded growth of the plant was observed and on some leaves blister 
Flowering was delayed and very few flowers produced. (Fig 1). 
Transmission : 
a) By Sap : The virus was readily transmitted by sap extracted in 
0.1 M phosphate buffer (pH 7.0) from Amaranthus to Amaranthus and 
other susceptible hosts. The transmission of the disease using ' 
carborundum (500 mesh) as an abrasive was 90-96% by sap. 
Host range and symptomatology : 
To determine the host range' of Amarathus mottle virus various 
species and cultivars of plants belonging to different families were 
inoculated mechanically. Inoculations were done at different time of the 
year to determine seasonal variations in host response, if any.. 
Amaranthaceae 
AmarantfT^gracilis Desf 
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The inoculated leaves showed systemic symptoms after 14-16 
days. Leaves showed followed by a green mosiac mottle and vein 
clearing. Growth of the plant was retarded and they remained 
conspicuously stunted. Flowering delayed and few seeds were set. 
(Fig 2a, b) 
Amaranthus caudatusL. 
On some inoculated leaves necrotic lesions were produced and 
leaves become shrivelled. Systemic symptoms after 16-18 days in the 
young leaves in the form of chlorosis and mosaic. The plant remained 
stunted. (Fig 3a.b) 
Chenopodiaceae 
C. amaranticolor (Costei^  ReQn) 
Local lesions were found after 8-10 days of inoculation .(Fig. 5) 
Compositae 
Tagetes erecta L. 
The inoculated plants of L Tagetes erecta L shows stunting of the 
plants as well as the new emerging leaves become shortened and give 
some what bushy appearance. (Fig. 4) 
Commelinaceae 
Commelina nudiflora L 
Fig. 1: Naturally infected A. gracilis plant showing symptoms 
of mosaic, mottling, blister like patches and 
deformation of leaves. 
Fig. 2a Inoculated plants of A.gracilis showing symptoms of 
mosaic, mottling and deformation of leaves. 

Fig. 2b Inoculated plants of A. gracilis showing symptoms of 
mosaic, mottling and necrotic lesions. 
Fig. 3a Inoculated leaves of A. caudatus showing decoloration 
of leaves and necrotic lesions. 

Fig. 3b Inoculated leaves of A. caudatus showing necrotic 
lesions. 
Fig. 4 Inoculated plant of Ta^etes erecta. Leaves showing 
mosaic, mottling, deformation of leaves. Plant giving 
bushy appearance 

Fig. 5 Inoculated leaves of C. amaranticolor showing local 
lesions 
Fig. 6 Healthy and inoculated leaves of Commelina nudiflora. 
Inoculated leaves showing symptom of line pattern. 

Fig. 7 Inoculated leaves of Cucurblta maxima L showing 
necrotic lesions and mild mosaic 
Fig. 8a Nicotiana inoculated leaves of N.tabacum var. samsun 
showing vein clearing, necrotic lesions. 

Fig. 8b Nicotiana inoculated ieaves of N.tabacum var. samsun 
showing vein clearing. 
Fig. 8c Nicotiana inoculated ieaves of N.tabacum var. samsun 
showing necrotic lesions. 

Fig. 9 Inoculated leaves of D.metel showing vein clearing, blister 
like patches and deformation of leaves. 

Systemic symptoms appeared 8-12 days after inoculation in the 
form of vein clearing followed by Chlorosis. (Fig, 6) 
Cucurbitaceae 
Cucurbits maxima L. 
Necrotic lesion appeared after 10-12 days of inoculation followed 
by mild chlorosis. (Fig. 7) 
Solanaceae 
Nicotiana tabacum var samsun 
The inolculated leaves of Nicotiana cv. Samsun showed vein 
clearing after 10-12 days of mechanical inoculation. The shape of the 
leaves were also affected due to viral infection. (Fig. 8a,b,c) 
Datura metel 
The inoculated leaves of D. metel showed vein clearing after 3-4 
days of inoculation. The new emerging leaves are very much deformed 
and blister like patches were observed ( Fig. 9) 
Non-hosts 
No symptoms (local/systemic) were produced and no virus could 
be recovered on back inoculation to C. amaranticolor from the following 
plant species and cultivars. These plants were kept under observation 
for 1 month after inoculation. 
Acanthaceae 
Peristrophe biocalyculat Nees 
Apocyneceae 
Catharenthus roseus 
Boraginaceae 
Hiliotropium eichwaldii 
Caryophyllaceae 
Dianthus barbatus L 
Stellaria media Cryrill 
Chenopodiaceae 
Chenopodium album 
C. murale 
Compositae 
Calendula officinalis 
Dahlia pinnate 
Zinnia elegansjacq 
Labiatae 
Salvia officinalis L. 
Leguminasae 
Glycine Max hAarr 
Pisum Sativam 
Vicia faba 
Malvaceae 
Abelmochus esculatus 
Althea rosea Car 
Solanaceae 
Capsicum annuum L. 
Lycopersicon lycopersicum L. 
Petunia fiybrida Hort. 
Solanum nigrum 
S. tuberosum 
Umbelliferae 
Daucus carota L 
Verbenaceae 
Verbena hybride Hort. 
Properties of the virus in plant sap: 
Parameters such as thermal inactivation point (TIP), dilution end 
point (DIP), and Longevity in vitro (LIV) in the identification of plant 
viruses provide information about the best environment in which to keep 
the virus and maintain its infectivity. Although, these studies have 
restricted value (Ross, 1964) but are of great help in determining the 
procedure for purification of the virus and its characterization. 
To study these properties, experiments v/ere carried out. 
Thermal inactivation point (TIP): 
The virus in crude sap was found to be infectious after being 
heated for 10 min at SS^ C but was inactivated at 60''C. 
Table 
TIP of Amaranthus mottle virus 
Temperature ''C 
50 
55 
60 
65 
70 
75 
No. of local 
lesions/leaf* 
12 
06 
00 
00 
00 
00 
Average no. of local lesions/leaf based on three experiments with 3 
plants of C.amaranticolorhaVmg 6 leaves each 
Dilution end point (OEP): 
The virus in crude sap was found infective upto a dilution of 10"^  
but no local lesions were found at a dilution of 10"®. 
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Table 
Effect of dilution 
Dilution 
10-^  
10-2 
10-^ 
10^ 
10'^ 
10-® 
No. of local lesion/Leaf 
70 
64 
52 
40 
18 
00 
* Average no. of local lesions/leaf based on three experiments with 3 
plants of C.amaranf/co/or having 6 leaves each 
Longevity in vitro (LIV) 
The crude sap was obtained and diluted into two parts. One was 
kept at room temperature 20 ±5°C and the other in a refrigerator (4°C). 
At room temperature infectivity was retained upto 24hr and at 4°C it was 
retained upto 36 hrs. 
Table 
Effect of storage on the infectivity of the virus at room temperature and 
at 4°C. 
Storage In hrs. 
! 12 
24 
36 
48 
60 
72 
Average No. of local lesion/leal 
At room temperature 20 ±5"C 
07 
03 
00 
00 
00 
00 
F* 
At4*'C 
10 
05 
02 
00 
00 
00 
* Average no. of local lesions/leaf based on three experiments with 3 
plants of C.amaranf/co/or having 6 leaves each 
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Effect of buffers: 
Different buffers viz, 0.1 M acetate 0.1 M borate, 0.1 IVI citrate, 
0.1 M glycjfB NaOH and 0.1 M phosphate buffer at pH 6.5 - 7.0 used. 
Buffers 
0.1 M Acetate 
0.1 M Borate 
0.1 M Citrate 
0.1 M glycine NaOH 
0.1 M phosphate 
Number of local lesion/leaf 
79 
82 
70 
56 
94 
* Average no. of local lesions/leaf based on three experiments with 3 
plants of Camaranf/co/or having 6 leaves each 
Effect of pH 
Infected tissue from A. gracilis inoculated 10 days earlier was 
harvested and homogenliized after addition of distilled water for each 
gram of infected tissue. Sap expressed by squeezing was divided into 6 
equal parts and placed in beakers. pH adjusted. 
PH 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
No. of local lesion/Leaf* 
00 
00 
26 
52 
40 
12 
* Average no. of local lesions/leaf based on three experiments with 3 
plants of C.amaranticolor haying 6 leaves each 
Discussion 
The mosaic disease of Amaranthus {A.gracilis) showing vein 
clearing, mosaic and mottling,in severe cases blister like patches were 
observed in Aligarh Muslim University Campus. Since the symptoms 
observed were the characteristics of virus disease*. An attempt has 
been made to characterize the causal virus. For the identification and 
characterization of the virus some preliminary work has been 
performed. This included biophysical properties, transmission and host 
range of the virus and also the effect of various buffers and pH on the 
infectivity of the virus which will be helpful for future work of purificatior 
of the virus. 
In the transmission studies it was found that the virus, causing 
this disease was easily transmitted to various species of Amaranthus 
producing symptoms of local lesions, necrotic lesions, vein clearing 
mosaic and mottling. In some cases the blister like patches on the leaves 
were also observed. Inspite of infecting the members of family 
Amaranthaceae the virus is also able to infect few species of other 
families like Ctienopodiaceae, compositae, Commilianaceae and 
cucurbitacae. The virus was unable to infect about 23 species of plants 
belonging to different families. 
Amaranthus gracilis and Chenopodium amaranticolor were used 
as an assay host for quantative assay of the virus. For propagation of 
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